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Abstract 
Cork-based composites are one of the well-known insulators. In order to improve the properties of these composites, especially 
thermal conductivity, aerogel nanostructures that have low thermal conductivity, thermal diffusivity, density and high compressive 
strength can be used as fillers. Because of the low thermal conductivity of aerogels, thermal conductivity of final nanocomposite 
products can reduce. In this work, phenolic aerogels were first synthesized through sol-gel procedure. Then, prepared organic 
aerogels were dried at elevated temperatures and used to prepare nanocomposite of phenolic aerogels and cellulose cork. Thermal 
measurements and scanning electron microscope (SEM) technique were conducted on prepared nanocomposites. Through loading 
of small amounts of phenolic aerogel thermal conductivity and thermal diffusivity of nanocomposites were reduced about 38.8 and 
44.8 %, respectively. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Nowadays, optimization of energy consumption and preventing energy loss are important challenges and 
requirements of various industries such as petroleum, gas, petrochemical, construction, transport and aerospace. 
Thermal insulator materials are often used to retard, reduce or stop heat transfer. Low thermal conductivity and thermal 
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diffusivity are two special properties of thermal insulators, however, low density can be considered as an advantage 
for these materials, Silva et al. (2005) discussed properties, capabilities and applications of cork and correlated cork 
properties with its morphology and chemical structure. Cellulose cork-based composites are very attractive for their 
applications in thermal insulation that in addition to above properties, have high flexibility, stability, biocompatibility, 
compressive strength and soundproofing property, Fernandes et al. (2011) investigated Properties of new cork–
polymer composites. Aerogels that are nanoporous materials with high surface area, high pore volume and low density 
can improve the properties of these composites, especially thermal conductivity, Feng et al. (2011) and Hajizadeh et 
al. (2015) studied pore structure, microstructure and morphology of aerogels. Because of the low thermal conductivity 
of aerogels, thermal conductivity of final nanocomposite products can reduce, Schwan et al. (2014) prepared a new 
insulator of aramid honeycombs filled with superflexible resorcinol-formaldehyde aerogels. 
The aim of present work is reduction of thermal conductivity and diffusivity of silicone-cork composite by adding 
Novolac aerogel powders synthesized in the solvent saturated atmosphere, as reported in Naseri study (2014) and 
investigation of morphology of nanocomposites.  
2. Experimental 
Sol-gel polymerization of Novolac resin with hexamethylenetetramine was adopted to prepare Novolac aerogel, 
Naseri et al. (2014) used a new way to synthesis Novolac aerogels. There are three steps for the preparation of Novolac 
aerogel. Firstly, the calculated amount of Novolac resin was dissolved in 2-propanol. Mass ratio of Novolac to 2-
propanol was 1:9. Secondly, the homogenous solution was poured into polypropylene mold and the mold was placed 
in an autoclave filled with a calculated amount of 2-propanol. This, provides solvent-saturated atmosphere, Schwan 
(2014). The sample was cured for 5 h at 120Ԩ and 15 bar. In step 3, the drying process was conducted in ambient 
conditions to ensure about curing of Novolac and bringing out of solvent according to following cycles: 25Ԩ for 48 
h, 90 Ԩ for 24 h, 120 Ԩ for 24 h and 140 Ԩ for 4 h, as  reported in Hajizadeh work (2014). 
The cork-aerogel nanocomposites with different mass fractions of aerogel from 0 to 20% (0, 5, 10, 15 and 20) are 
labeled as CAN0, CAN5, CAN10, CAN15, CAN20, respectively. The matrix was RTV silicone resin and compression 
molding process at 7ൈ104 Pa. was used to make nanocomposites. The mass ratio of silicone resin was constant (60 
wt.%). 
Thermal measurements was performed on the nanocomposites to calculate thermal conductivity and thermal 
diffusivity. The density of the samples was determined by mass to volume ratio. SEM technique was adopted to 
investigate the structure and morphology of the nanocomposites visually.  
3. Results and discussion 
Table 1 shows the physical properties and thermal diffusivity and conductivity of aerogel. 
 
Table 1. Properties of synthesized Novolac aerogel. 
Resin Concentration in sol  
(wt. %)  
Density 
(g/cm3) 
Porosity 
(%) 
Thermal conductivity 
 (W/m.K) 
Thermal diffusivity 
(ൈ10-7 m2/s) 
10 0.094 92.17 0.017 1.785 
 
 
                                                     Table 2 presents properties of prepared nanocomposites. Increasing aerogel 
content increases the densities of the nanocomposites, but these values remains low. Cork has an alveolar cellular 
structure similar to a honeycomb. Density increase of the nanocomposite can be due to filling cork pores with aerogel. 
The thermal conductivities and thermal diffusivities of the nanocomposites are shown in fig. 1 for better comparison. 
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                                                     Table 2. Properties of cork-aerogel nanocomposites. 
Sample  Density 
(g/cm3) 
Thermal conductivity 
 (W/m.K) 
Thermal diffusivity 
(ൈ10-7 m2/s) 
CAN0 0.441 0.0798 1.450 
CAN5 0.457 0.0493 0.890 
CAN10 0.523 0.0533 0.867 
CAN15 0.534 0.0488 0.800 
CAN20 0.535 0.0819 1.38 
 
 
 
Fig. 1.  Thermal conductivities and thermal diffusivities of nanocomposites. 
  
Results indicates that loading of Novolac aerogel powders to cork can decrease thermal diffusivities and 
conductivities of the nanocomposites, as expected. Aerogel nanostructure remove convective heat transfer and because 
of low thermal conductivity of aerogel, thermal conductivity of final nanocomposite products is reduced.  
According SEM observations Fig. 2, aerogel nanostructure particles fill micron-sized pores of cork. SEM images 
confirm density increase and thermal conductivity and thermal diffusivity decrease.  
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Fig. 2. SEM micrographs showing morphology of cork powder (a) and CAN5 (b) 
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4. Conclusion 
In this research, Novolac aerogel was synthesized by sol-gel method and after drying process, its powder form was 
loaded to silicone-cork composite varied from 5 to 20 wt.%. Thermal measurements revealed nanocomposite thermal 
conductivity and thermal diffusivity can be reduced by adding 15 wt.% Novolac aerogel 38.8 and 44.8%, respectively. 
SEM observations exhibit aerogel nanostructures fill cork pores and it’s accordance with density increase and thermal 
conductivity and thermal diffusivity decrease. 
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